INTRODUCTION
Tumors arising from the duodenal papilla account for approximately 5% of gastrointestinal neoplasia, 1 but, are identified more frequently with increasing use of upper endoscopic procedures and endoscopic retrograde cholangiopancreatography (ERCP). 2, 3 Most of these papillary tumors are benign adenomas, which are thought to undergo the same adenoma-carcinoma sequence as adenomas of the colon. 4, 5 Therefore, complete resection of a papillary tumor is mandatory even if it is not malignant at presentation.
A radical surgery such as pylorus-preserving pancreaticoduodenectomy (PPPD) is performed widely for the treatment of papillary tumors. 3 However, because of high postoperative morbidity and mortality of radical surgery 6, 7 and more increasing recognition of papillary tumors at earlier stages with lower incidences of underlying malignancy, 8 an application of this aggressive surgical approach to all frequently recognized benign tumors appears to be inappropriate. Endoscopic snare papillectomy is increasingly performed with curative intent for benign papillary tumors and many studies about outcomes of the endoscopic treatment have been reported. 2, 3, 7, [9] [10] [11] [12] [13] [14] However, because of high false-negative rate of endoscopic biopsy for malignancy ranging from 19% to 60%, 15, 16 the pretreatment distinction between benign and malignant papillary tumors is still challenging and the indication of the endoscopic treatment at clinical practice has not been well established yet. 17 The current study was performed to evaluate the outcome of endoscopic papillectomy for benign papillary tumors at a single center and to identify the factors predicting the presence of malignancy and affecting the success of the endoscopic treatment.
MATERIALS AND METHODS
Patients
From January 2006 to December 2009, the data of patients who received endoscopic papillectomy abstracted from a prospectively maintained ERCP database at Seoul National University Hospital, Seoul, Korea. The data were classified into three categories according to previous study (Table 1) , 9 and were reviewed retrospectively. Inclusion criteria were patients older than 18 years who underwent endoscopic papillectomy with curative intent for pathologically proven benign adenoma and who received follow-up endoscopy 4 to 8 weeks after endoscopic papillectomy. Exclusion criteria were patients whose endoscopic finding or ERCP showed features of unresectability. Features of unresectability were friability, ulceration, more than 50% lateral extension, and obvious duodenal infiltration at endoscopy or extensive intraductal involvement (more than 1 cm) at ERCP. The study protocol was reviewed and approved by the Institutional Review Board of Seoul National University Hospital.
Procedure
All endoscopic procedures at our institution were performed by two experienced endoscopists (Y.T.K. and J.K.R). Endoscopic ultrasonography (EUS, a radial ultrasound endoscope with 7.5 MHz and 12 MHz US frequencies, a5; ALOKA, Mitaka, Japan) and ERCP was performed before endoscopic papillectomy to evaluate intraductal extension and to determine resectability. The entire endoscopic procedure was performed under fluoroscopic guidance using a side-view duodenoscope (TJF 240; Olympus, Tokyo, Japan). If intraductal extension was suspected at EUS or ERCP, sphincterotomy was performed before and during papillectomy to quantify the intraductal extension and to permit a more aggressive treatment. After grasping the tumor at the base with a snare, resection was performed with using electrocautery (Fig. 1) . For lesions that could not be grasped with a snare due to lateral extension, hypertonic saline mixed with epinephrine (1:50,000) was injected into the submucosal layer before resection. Lesions that did not permit en bloc resection were resected in a piecemeal fashion. The resected specimens were captured with a basket and measured with a ruler. The resection site was evaluated after each procedure for residual tumor and bleeding. Electrocautery was used for ablating residual tumor or managing bleeding. Pancreatic stent placement was performed unless a patient had pancreas divisum or a wide pancreatic orifice. Biliary stent placement was not performed routinely.
Outcome
After the procedure, pathologic results of resected tumors were classified according to the Vienna classification of gastrointestinal epithelial neoplasia. 18 All patients received follow-up endoscopy with biopsy 4 to 8 weeks after endoscopic papillectomy. Complete resection at initial papillectomy was defined as absence of any residual tumor demonstrated by the 1st follow-up endoscopy with routine biopsy. Patients underwent follow-up endoscopy 3 to 12 months after the 1st follow-up endoscopy according to individual clinical situation. To be called a recurrence, at least one endoscopy with a biopsy specimen demonstrating no residual tissue was required, and a 3-month interval between the end of treatment and the diagnosis of a recurrence was required. Endoscopic success was defined as a complete excision of the tumor irrespective of the number of procedures required and absence of recurrence or a recurrence during the follow-up period, which was successfully treated with the endoscopic procedure. Endoscopic failure was defined as an inability to completely remove the lesion endoscopically regardless of the number of procedures, invasive malignancy with positive resection margin on histopathology, or a recurrence that was no longer endoscopically amenable. Pancreatitis was defined as a threefold increase in pancreatic enzymes with abdominal pain. 19 Bleeding was defined only as a clinically evident bleeding requiring at least two packs of red blood cell transfusion. Statistical analysis was performed by using the chi-square test, Fisher's exact test, and the unpaired two-tailed test with p-values less than 0.05 regarded as significant.
RESULTS

Patients
From January 2006 to December 2009, 58 patients received endoscopic papillectomy for papillary tumors. Among them, the final pathologic results revealed nonadenomatous lesions (carcinoid tumor, neuroendocrine tumor, or heterotopic pancreas) in seven patients. In other six patients, endoscopic papillectomy with curative intent could not be performed because of the endoscopic findings of unresectability. These six patients received endoscopic papillectomy with diagnostic intent and the pathologic results of resected specimens revealed invasive adenocarcinoma. Other two patients could not be followed up after papillectomy. Therefore, total 43 patients received endoscopic papillectomy for pathologically proven benign adenoma with curative intent and underwent follow-up after papillectomy. 
Endoscopic procedure and complications
The endoscopic resection was performed by single en bloc resection in 39 patients and piecemeal resection in four patients. Pancreatic stent placement was performed in 32 patients (74%). The mean resected lesion size was 15±9 mm (range, 5 to 50 mm). Complications of endoscopic treatment occurred in 14 patients (32%), which are summarized in Table 2 . There was no procedure-related mortality in our study.
Preprocedural and final pathologic results
Preprocedural pathologic results revealed adenoma with low-grade dysplasia (LGD) and high-grade dysplasia (HGD) in 36 and seven patients, respectively. Pathologic results of the resected specimens (final pathologic results) revealed adenoma with LGD in 22 patients (51%), adenoma with HGD in eight patients (19%), and invasive adenocarcinoma in five patients (12%) (Fig. 2) . In eight patients, tumor cells could not be found in the pathologic evaluation of resected specimens because of severe cautery artifact. These eight patients had no residual tumor on follow-up endoscopy with routine biopsy. Therefore, the final pathologic results of them could not be confirmed.
Compared with final pathologic results, underdiagnoses on preprocedural pathology were made in 13 patients (30%). The rate of malignancy on final pathology was significantly higher in patients with larger resected lesion (≥1.5 cm, p=0.013). Among other preprocedural and procedural factors, higher serum alkaline phosphatase (sALP) at presentation (≥120 IU/L) and the preprocedural pathology of HGD also tended to predict the presence of malignancy on final pathology (10% vs 40% and 10% vs 33%, respectively). However, these tendencies were not statistically significant (p>0.05). All patients with smaller lesion (<1.5 cm) were free of malignancy after papillectomy, whereas two of four patients (50%) with both larger lesion (≥1.5 cm) and preprocedural HGD and two of three patients (67%) with both larger lesion (≥1.5 cm) and higher sALP (≥120 IU/L) were diagnosed with malignancy.
Clinical outcomes after follow-up
Complete resection at initial papillectomy was noted on the 1st follow-up endoscopy in 32 patients (74%). After the followup period (mean duration of follow-up, 10.4±9.6 months), endoscopic success was seen in 37 patients (86%). Endoscopic failure was seen in six patients (invasive adenocarcinoma with positive resection margin, incomplete resection, and persistent residual tumor despite two sessions of endoscopic resections in three, one, and two patients, respectively).
During the follow-up period, two patients experienced recur- LGD, low grade dysplasia; HGD, high grade dysplasia; ESP, endoscopic papillectomy; CA, invasive adenocarcinoma; NA, not available. This patient refused to receive surgical resection and could not be followed up after discharge. rence 10 and 32 months after initial complete resection with pathology of LGD and HGD, respectively. These two patients received endoscopic thermal ablation for recurrent tumor, once and twice, respectively. Follow-up endoscopy with biopsy confirmed complete resection of tumor (endoscopic success) in both patients. Among five patients diagnosed with invasive adenocarcinoma after papillectomy (Table 3) , two patients, whose pathologic results revealed negative resection margin and negative lymphovascular invasion, could not receive surgical resection due to comorbidity and underwent only follow-up. Both patients achieved initial complete resection and did not experience recurrence during follow-up (10 and 17 months, respectively).
Among six patients with endoscopic failure, one patient diagnosed with invasive adenocarcinoma at papillectomy refused to receive surgical resection and could not be followed up after discharge. Other five patients received surgical resection (PPPD). The pathology after surgery revealed adenoma with LGD (5 cm sized tumor) in one patient, and interestingly, no residual tumor on surgical specimen in other four patients (Table 4) .
A statistical analysis was performed to identify factors affecting endoscopic success for patients without malignancy. Complete resection at initial papillectomy significantly affected endoscopic success (p=0.007). The rate of endoscopic success was 100% in patients with initial complete resection (and without malignancy) (Fig. 3) . Even in patients with recurrence after complete resection, endoscopic success was achieved after repeated endoscopic treatment ultimately. However, in patients without initial complete resection, the rate of endoscopic success was only 63% (five of eight patients), and when a complete resection was not achieved even after two times of endoscopic treatment, the rate of endoscopic success fell to 33% (one of three patients) (Fig. 3) . The rate of endoscopic failure was higher in patients with final pathology of HGD than LGD (25% vs 4%), but this difference was not significant (p>0.05).
DISCUSSION
Although endoscopic papillectomy has been established as a safe and effective alternative to surgery, an adequate patient selection for curative endoscopic papillectomy at clinical practice is still challenging because of the difficulty of accurate pretreatment diagnosis of malignancy with endoscopic findings alone 17 and the high false-negative rate of endoscopic biopsy. 15, 16 In our study, the rate of malignancy after papillectomy was considerable (12%, similar to other reports) 9-11,13,14 even after excluding patients with endoscopic findings suggesting malignancy. Therefore, the identification of factors predicting the presence of malignancy before papillectomy may help clinicians to determine the treatment option of papillary tumors. Several studies have reported these factors such as weight loss 9 or tumor size.
14 However the analyses in these studies were performed also in patients with preprocedural pathology of adenocarcinoma or with endoscopically unresectable tumors. To obtain more helpful information about management of papillary tumor at clinical practice, it may be more reasonable to perform this analysis only in patients with endoscopically amenable tumors. Our study, to the best of our knowledge, attempted this approach first. While the risk of malignancy, according to the results of LGD, low-grade dysplasia; PPPD, pylorus-preserving pancreaticoduodenectomy; HGD, high-grade dysplasia; CA, invasive adenocarcinoma; NA, not available. *This patient refused to receive surgical resection and could not be followed up after discharge.
our study, would be very low in patients with smaller lesion (<1.5 cm) irrespective of the presence of preprocedural HGD or higher sALP (≥120 IU/L), the possibility of presence of malignancy and subsequent radical surgery should be considered in patients with both larger lesion (≥1.5 cm) and preprocedural HGD or with both larger lesion (≥1.5 cm) and higher sALP (≥120 IU/L) because of the high rate of malignancy (50% and 67%, respectively).
In our study, the rate of endoscopic success was 86%, similar to that of other reports. [9] [10] [11] [12] [13] Several studies have reported factors affecting the endoscopic success such as absence of intraductal lesions, 10 smaller size, 9,12 and absence of dilated ducts. 9 All these analyses were performed in patients including malignancy cases. However, it is obvious these malignancy cases (invasive adenocarcinoma) should be classified as endoscopic failure, because a radical surgery such as PPPD should be considered in case of malignancy. Therefore, we evaluated the factors affecting the endoscopic success after excluding patients with malignancy. Based on the results of our study, when complete resection cannot be achieved after initial endoscopic treatment and endoscopically resected specimen shows the presence of HGD, subsequent radical surgery should be considered.
The option of subsequent surgery should be discussed if the endoscopically resected specimen shows the presence of HGD. 10 Kim et al. 14 reported the high recurrence rate in patients with preprocedural HGD and suggested that patients with preprocedural HGD should undergo radical surgery without endoscopic papillectomy, unless they have high operative risk. In our study, however, recurrence occurred in only one patient with HGD, and endoscopic success was achieved in this patient with repeated endoscopic treatment. Furthermore, all patients with initial complete resection achieved endoscopic success irrespective of the presence of HGD. Therefore, endoscopic papillectomy, in our opinion, is justified as a diagnostic and a potentially curative procedure in patients with preprocedural HGD and endoscopically benign-appearing papillary tumors, and when initial complete resection is achieved, follow-up with endoscopic surveillance is also justified. Other studies 10, 20 also reported that endoscopic papillectomy may be a curative treatment in patients with HGD. Further studies with the larger number of patients will be needed to clarify this issue. Among six patients with endoscopic failure, four patients had pathologic results of positive microscopic resection margin after endoscopic papillectomy and eventually received PPPD. However, their pathologic results after PPPD revealed no residual tumor, which, to the best of our knowledge, is the first report in ampullary tumor, although similar cases have been reported in stomach and colon. [21] [22] [23] [24] The necrosis of residual tumors on the resection margin by the electrodiathermic burns might be one possible cause of the absence of residual tumor. 21 However, because of lack of studies about this issue in ampullary tumor, supplemental radical surgery should be considered in case of positive resection margin after endoscopic papillectomy until further studies clarify this issue. Interestingly, in all patients with invasive adenocarcinoma after papillectomy in our study (except one patient with loss of follow-up), no residual tumor was demonstrated after initial endoscopic papillectomy. This report suggests that endoscopic papillectomy might be a curative treatment option for certain subgroup of invasive adenocarcinoma. However, because of the considerable rate of lymph-node metastasis (10.0%) even in early stage (T1) ampullary cancer, 25 the selection of the subgroup without lymph-node metastasis might be essential for the consideration of the curative endoscopic treatment. 26 Several reports 20, 25, 26 have discussed this issue to date. Our prior study 26 reported the absence of lymph-node metastasis in patients with selected subgroup of T1 cancer (less than 2 cm in size and welldifferentiated histology). Although further studies with the larger number of patients will be needed to clarify this endoscopically amenable subgroup, endoscopic papillectomy might be an alternative to surgery in patients with selected subgroup of T1 cancer who are not candidate for surgery due to severe comorbidities. Several studies have suggested the guidelines of surveillance after endoscopic papillectomy. Catalano et al. 12 proposed the guideline to include endoscopic treatment every 2 to 3 months until complete resection, followed by surveillance every 6 to 12 months for at least next 2 years. While we agree to this guideline, we additionally suggest the 1st follow-up endoscopy 4 to 8 weeks after initial papillectomy for confirmation of initial complete resection, because, in our study, initial complete resection was the most significant factor affecting endoscopic success. One patient experienced recurrence 32 months after initial complete resection with pathology of HGD. Therefore, we also suggest surveillance for at least 3 years after complete resection especially when the final pathology is HGD. Cheng et al. 11 recommended annual surveillance for as long as 5 years after completion of the papillectomy. Our study has several limitations. First, the small number of patients made several factors statistically insignificant. Second, the duration of follow-up was not sufficient to address the long term clinical outcome. Further studies with the large number of patients and long term follow-up will be needed.
In summary, endoscopic papillectomy is a safe and effective method for curative resection of benign papillary tumor. Initial complete resection is a strong predictor of endoscopic success. However, in case of the failure of complete resection after initial endoscopic treatment with the presence of HGD, a subsequent radical surgery should be considered. Endoscopic benign features cannot predict the presence of malignancy and the possibility of presence of malignancy should be considered in patients with both large lesion (≥1.5 cm) and preprocedural HGD or both large lesion (≥1.5 cm) and high sALP (≥120 IU/ L). Follow-up with surveillance should be performed first 4 to 8 weeks after initial papillectomy and should be continued for at least 3 years in case of final pathology of HGD because of the possible recurrence of tumor during these periods.
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